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(54) Compositions and medical devices comprising bioabsorbable alkyd-type polymeric waxes 


(57) The present invention is directed to medical de- 
vices, pharmaceutical or agricultural compositions, and 
seeds, each containing a synthetic, bioabsorbable, bio- 
compatible alkyd-type polymeric wax that is the reaction 


product of a polybasic acid or derivative thereof, a polyol 
and a fatty acid, the polymeric wax having a melting 
point less than about 70°C, as determined by differential 
scanning calorimetry. 
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Description 

FIELD OF THE INVENTION 


[0001 j The present invention relates to bioabsorbable 
and biocompatible polymeric waxes for use in pharma- 
ceutical, agricultural and medical applications. 

BACKGROUND OF THE INVENTION 

[0002] Both natural and synthetic polymers, includinq 
homo-polymers and copolymers, which are both biocom- 
patible and absorbable In vivo are known for use in the 
manufacture of medical devices that are implanted in 
body tissue and absorb over time. Examples of such 
med.cal devices include suture anchor devices, sutures 
staples, surgical tacks, clips, plates and screws, drug 
delrvery devices, adhesion prevention films and foams 
and tissue adhesives. 

[0003] Natural polymers may include catgut, cellulose 
derivatives and collagen. Natural polymers typically ab- 
fn™ en ^ matic degradation process in the body 
[0004] Synthetic polymers may include aliphatic pol- 
yesters, polyanhydrides and poly(orthoester)s. Synthet- 
ic absorbable polymers typically degrade by a hydrolytic 
mechamsm. Such synthetic absorbable polymers in- 
clude homopolymers, such as poly(glycolide), polyflac- 
tide), poly( e -caprolactone), poly(trimethylene carbon- 
ate) and poly(p-dioxanone), and copolymers, such as 
poly(lactide-co-g^colide), poly(e-caprolactone-co-gly- 
colide) and poly(glycolide-co-trimethylene carbonate) 
The polymers may be statistically random copolymers 
pofymers 601 C ° P ° lymerS ' b,ock C0 P°lymers or graft co- 

[0005] Alkyd-type polyesters prepared by the poly- 
condensation of a polyol, polyacid and fatty acid are 
used ,n the coating industry in a variety of products in- 
cluding chemical resins, enamels, varnishes and paints 
These polyesters also are used in the food industry to 
make texturized oils and emulsions for use as fat sub- 
stitutes. 

[0006] There is a great need for polymers for use in 
drug delivery and medical devices, where the polymers 
have both low melting temperatures and low viscosities 
upon melting, thus permitting for solvent-free process- 
ing techniques in preparation of medical devices and 
compositions, can crystallize rapidly, and biodegrade 
within 6 months. a 


scanning calorimetry. 

BRIEF DESCRIPTION OF THE FIGURES 

5 [0008] Figure 1 is a plot of sustained release of Risp- 
eridone from poly(monostearoyl glycerol-co-succinate) 
microparticles in vitro. 

[0009] Figure 2 is a plot of sustained release of Risp- 
endone Pamoate from poly(monostearoyl glycerol-co- 
succinate) microparticles in vitro. 
[0010] Figure 3 is a plot of sustained release of Risp- 
eridone Pamoate from poly(monostearoyl glycerol-co- 
succinate) microparticles in vivo. 
[001 1] Figure 4 is a plot of sustained release of Risp- 
endone from poly(monostearoyl glycerol-co-succinate) 
films in vitro. ' 

[0012] Figure 5 is a plot of sustained release of Risp- 
eridone from poly(monostearoyl glycerol-co-succinate) 
cylinders in vitro. ' 

20 [0013] Figure 6 is a plot of sustained release of Albu- 
min from Polyfmonostearoyl glycerols-succinate) in 

vitro. 


25 


DETAILED DESCRIPTION OF THE INVENTION 


SUMMARY OF THE INVENTION 

[0007] The present invention is directed to medical 
devices, pharmaceutical and agricultural compositions 
and seeds, each comprising a synthetic, bioabsorbable' 
biocompatible polymeric wax comprising the reaction 
product of a polybasic acid or derivative thereof, a fattv 
acid and a polyol, the polymeric wax having a melting 
point less than about 70°C, as determined by differential 


[0014] Alkyd polymers have been prepared by sever- 
al known methods. For example, alkyd-type polymers 

M«^ r B Tu ed by Van B6mmelen & Prakt - <^m., 69 
(1 856) 84) by condensing succinic anhydride with glyc- 
*» erol. In the "Fatty Acid" method (see Parkyn. et al Pol- 
yesters (1967), lliffe Books, London, Vol. 2 and Patton 
\n: Alkyd Resins Technology, Wiley-lnterecience New 
York (1 962)), a fatty acid, a polyol and an anhydride are 
mixed together and allowed to react. The "Fatty Acid- 
Monoglyceride" method includes a first step of esterify- 
«ng the fatty acid with glycerol and, when the first reac- 
tion is complete, adding an acid anhydride. The reaction 
mixture then is heated and the polymerization reaction 
takes place. In the "Oil-Monoglyceride" method, an oil 
* , s reacted with glycerol to form a mixture of mono- di- 
and trig^cerides. This mixture then is polymerized by 
reacting with an acid anhydride. 
[0015] The synthetic, bioabsorbable, biocompatible 
polymeric waxes utilized in the present invention are the 
reaction product of a polybasic acid or derivative there- 
o a fatty acid, and a polyol, and may be classified as 
alkyd polyester waxes. As used herein, a wax is a solid 
low-melting substance that is plastic when warm and' 

so iT?, *l re ,' atiVely ' 0W m0lecular wei 9 ht - is when 
melted. Preferably, the poiymeric waxes of the present 
invention are prepared by the polycondensation of a 
polybasic acid or derivative thereof and a triglycer- 
ide, wherein the monoglyceride comprises reactive hv- 
droxy groups and fatty acid groups. The expected hy- 
drolysis byproducts are glycerol, dicarboxylic acid(s) 
and fatty acid(s), all of which are biocompatible Prefer- 
ably, the polymeric waxes utilized in the present inven- 
tion will have a number average molecular weight be- 
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tween about 1,000 g/mole and about 100,000 g/mole, 
as determined by gel permeation chromatography. The 
polymeric waxes comprise an aliphatic polyester back- 
bone with pendant fatty acid ester groups that crystallize 
rapidly, depending on the fatty acid chain length, and 5 
exhibit relatively low melting points, e.g. less than about 
100°C, preferably less than about 70°C. More prefera- 
bly, the melting point of the polymeric wax will be be- 
tween about 25°C and about 70°C. Typically, the poly- 
meria waxes used in the present invention will be a solid 10 
at room temperature. 

[0016] Fatty acids used to prepare polymeric waxes 
utilized in the present invention may be saturated or un- 
saturated and may vary in length from C 14 to C 30 . Ex- 
amples of such fatty acids include, without limitation, 1* 
stearic acid, palmitic acid, myrisitic acid, caproic acid, 
decanoic acid, lauric acid, linoleic acid and oleic acid. 
[0017] Polyols that can be used to prepare the poly- 
meric waxes include, without limitation, glycols, polyg- 
lycerols, polyglycerol esters, glycerol, sugars and sugar 20 
alcohols. Glycerol is a preferred polyhydric alcohol due 
to its abundance and cost. 

[0018] Monoglycerides which may be used to prepare 
polymeric waxes utilized in the present invention in- 
clude, without limitation, monostearoyl glycerol, mon- 25 
opalmitoyl glycerol, monomyrisitoyl glycerol, monoc- 
aproyl glycerol, monodecanoyl glycerol, monolauroyl 
glycerol, monolinoleoyl glycerol, monooleoyl glycerol, 
and combinations thereof. Preferred monoglycerides in- 
clude monostearoyl glycerol, monopalmitoyl glycerol 30 
and monomyrisitoyl glycerol. 

[0019] Polybasic acids that can be used include nat- 
ural multifunctional carboxylic acids, such as succinic, 
glutaric, adipic, pimelic, suberic, and sebacic acids; hy- 
droxy acids, such as diglycolic, malic, tartaric and citric 35 
acids; and unsaturated acids, such as fumaric and 
maleic acids. Polybasic acid derivatives include anhy- 
drides, such as succinic anhydride, diglycolic anhydride, 
glutaric anhydride and maleic anhydride, mixed anhy-^ 
drides, esters, activated esters and acid halides. The <*o 
multifunctional carboxylic acids listed above are pre- 
ferred. 

[0020] In certain embodiments of the invention, the 
polymeric wax may be prepared from the polybasic acid 
or derivative thereof, the monoglyceride and, addition- 45 
ally, at least on additional polyol selected from the group 
consisting of ethylene glycol, 1 ,2-propylene glycol, 
1,3-propanediol, bis-2-hydroxyethyl ether, 1,4-butane- 
diol, 1,5-pentanediol, 1,6-hexanediol, 1 ,8-octanediol, 
1,10-decanediol, 1, 12-dodecanediol, otherdiols, linear so 
poly(ethylene glycol), branched poly(ethylene glycol), 
linear polypropylene glycol), branched polypropylene 
glycol), linear poly(ethylene-co-propylene glycol)s and 
branched poly(ethylene-co-propylene glycol)s. 
[0021 ] In preparing the polymeric waxes utilized in the ss 
present invention, the particular chemical and mechan- 
ical properties required of the polymeric wax for a par- 
ticular use must be considered. For example, changing 


the chemical composition can vary the physical and me- 
chanical properties, including absorption times. Copol- 
ymers can be prepared by using mixtures of diols, trio!, 
polyols, diacids, triacids, and different monoalkanoyl 
glycerides to match a desired set of properties. Similarly, 
blends of two or more alkyd polyesters may be prepared 
to tailor properties for different applications. 
[0022] Alkyd polyester waxes of the present invention 
can be made more hydrophobic by increasing the length 
of the fatty acid side chain or the length of the diacid in 
the backbone, or by incorporating a long chain diol. Al- 
ternatively, alkyd polyester waxes of the present inven- 
tion can be made more hydrophilic or amphiphilic by em- 
ploying hydroxy acids, such as malic, tartaric and citric 
acids, or some oxadiacids, in the composition, or by em- 
ploying poly(ethylene glycol)s or copolymers of polyeth- 
ylene glycol and polypropylene glycol , commonly known 
as Pluronics, in the formation of segmented block co- 
polymers. 

[0023] . Copolymers containing other linkages in addi- 
tion to an ester linkage also may be synthesized; for ex- 
ample, ester-amides, ester-carbonates, ester-anhy- 
drides and ester urethanes, to name a few. 
[0024] Multifunctional monomers may be used to pro- 
duce cross-linked polymeric wax networks. Alternative- 
ly, double bonds may be introduced by using polyols, 
polyacids or fatty acids containing at least one double 
bond to allow photocrosslinking. Hydrogels may be pre- 
pared using this approach provided the polymer is suf- 
ficiently water soluble or swellable. 
[0025] Functionalized polymeric waxes can be pre- 
pared by appropriate choice of monomers. Polymers 
having pendant hydroxyls can be synthesized using a 
hydroxy acid such as malic or tartaric acid in the syn- 
thesis. Polymers with pendent amines, carboxyls or oth- 
er functional groups also may be synthesized. A variety 
of biologically active substances, hereinafter referred to 
as bioactive agents, can be covalently attached to these 
functional polymeric waxes by known coupling chemis- 
try to give sustained release of the bioactive agent. As 
used herein, bioactive agent is meant to include those 
substances or materials that have a therapeutic effect 
on mammals, e.g. pharmaceutical compounds, or an 
adverse affect on, e.g. insects and fungi, such as pes- 
ticides, insecticides, fungicides, herbicides and germi- 
cides, as well as substances or materials used to en- 
hance growth of plants, e.g. fertilizers. 
[0026] One skilled in the art, once having the benefit 
of the disclosure herein, will be able to ascertain partic- 
ular properties of the polymeric waxes required for par- 
ticular purposes, and readily prepare polymeric waxes 
that provide such properties. 

[0027] The polymerization of the alkyd polyester pref- 
erably is performed under melt polycondensation con- 
ditions in the presence of an organometallic catalyst at 
elevated temperatures. The organometallic catalyst 
preferably is a tin-based catalyst e.g. stannous octoate. 
The catalyst preferably will be present in the mixture at 
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amoiarratioofpolyolandpolycarboxylicacidtocatalyst 
m the range of from about 15,000/1 to 80 000/1 The 
reaction preferably is performed at a temperature no 
ess than about 120-C. Higher polymerization tempera- 

wetaht oK '° fUrth6r inCreaS6S in the molecu 'ar 
we.ght of the copolymer, which may be desirable for nu- 

sen will depend on numerous factors, including the 

propemes of the polymer desired, the viscosity of the 
reac t , 0 mixt and me(ljng temperature * of the 

tTmLrlf P ^ reaCti ° n COnditions of temperate, 
jmeandpressurecanbereadily determined by assess 
mg these and other factors. 

[0028] Generally, the reaction mixture will be main- 
tamed at about 1 SOX. The po^merization reaction Z 

sLTZl? r Ceed at thiS temperature until ^ de- 
sired molecular weight and percent conversion is 

achrevedforthecopolymer.which typically willtakefmm 

temnl t m ' nUteS t0 2A ^ lncreasin 9 *° action 
ZZ T G , 9enera,,y d6Creases the reac tion time 

S2f 0 T a particular molecular wei 9 ht - 

[0029] , n another embodiment, copoymers of alkyd 
polyesters can be prepared by forming an alkyd polyes- 
ter prepolymer polymerized under melt polycondensa- 
ton colons, then adding at least one lactone mono- 
mer or lac one prepolymer. The mixture then would be 
ubjected to the desired conditions of temperature and 

monomer "" 16 " 26 *" PreP ° lymer the ,acto - 
[0030] The molecular weight of the prepolymer as 
dt rT h COrnP ° Siti0n - 030 b£ Varied pending o^'the 

Th ° Se Ski " ed in the art wi » rec °9nize that 
*e afcyd polyester prepoymers described herein can 
also be made from mixtures of more than one diol or 
dioxycarboxylic acid. 

10031] The polymers, copolymers and blends of the 
present invention can be cross-linked to affect mechan- 
ical properties. Cross-linking can be accomplish by 
l S mm d , Cr0SS - ,inking enhancers ' irrad ''etion, e.g 
lar ZcT J ° r 9 Combination °f both, in partbu 

weZ t" a"* I"' ^ ^ US6d t0 C ° ntr01 the amoiJnt ° f 
in wS S 01 thiS inVenti0n ex P erienc e 

[0032] One of the beneficial properties of the alkvd 
h P v°S r °; ,hiS inV6n,i ° n * thatthe esteriages S3 
olZTr^ 3nd ther6fore tne PO'V^er is bi 

se.rn.nr h " b ™ ta d ° Wn **» *™l. 

segments when exposed to moist body tissue. In this 
regard, while it is envisioned that co-reactants co "d be 
incorporated into the reaction mixture of the polybasic 
acrd and the die. for the formation of the alkyd polyesTer 
it is preferable that the reaction mixture does not ontai 
a concentration of any co-reactant which would rendTr 

PrLr«N 6q r ntly Pr6pared P °^ mer ^absorbable. 
Preferably, the reaction mixture is substantially free of 
any such co-reactants if the resulting polymer is ren- 
dered nonabsorbable. 
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[0033] m one embodiment of the invention, the alkyd 
polyester waxes of the present invention can be used 
fen*, Phamaceut, u cal cam 'er in a drug delivery matrix. To 
5 TJ1 *• the P °' ymeric wax would be mixed with 

HITS amt T 1 3 therapeutic a9ent 10 form tne 

matnx. The vanety of therapeutic agents that can be 
used ,n conjunction with the polymeric wax of the inven- 
ts J.J ; " 96nera1, therap6Utic a 9 6nts w hich may 
beadmrmsteredviapharmaceuticalcompositionsofthl 

^antrbrotrcs and antiviral agents; analgesics and anal- 
yse combmations; anorexics; antihe.mintics; antiar- 
thntrcs; antiasthmatic agents; anticonvulsants; antide- 
pressants; antidiuretic agents; antidiarrheals; antihista- 

n,,ammat0ry agentS; anM *™° Prepat 
tions antrnauseants; antineoplastics; antiparkinsonism 
drugs; antipruritics; antipsychotics; antipyretics, ant? 
spasmodrcs; anticholinergics; sympathomimetics xan- 
20 II deriVat ' VeS; cardiovas e"'ar preparations including 

22T1 anne ' bl0Ck6rS and blockers such as 
Pindolol and antrarrhythmics; antihypertensives; diuret- 
ic Z°tT' inC ' Udin9 96neral coronar y. Peripheral 
and T ; Centra ' nerV ° US System stim "' a nts; cough 
25 ' "1 Pr ,f parati0ns < inc,udi "9 decongestants; hor- 
mones, such as estradiol and other steroids, including 
cort (costeroids . hypnotjcs . immunosuppressjve JJ 

cle relaxants; parasympatholytics; psychostimulants- 
sedatives; tranquilizers; naturally derived or genet2 
engrneered proteins, polysaccharides, glycoproSror 
• apoproteins; oligonucieotides, in^L^t^s 
cholinergics, chemotherapeutics, hemostatics, clot dis - 
solvmg agents radioactive agents and cystostatics. 

n anv sullhr ? may be Ministered 

in any surtable dosage form such as oral, parenteral 

LtT e T lyasanimpi ^^ 

rtory. Matnx formulations containing the alkyd polyester 
may be formulated by mixing one or more therapeutic 
agents with the polymeric wax. The therapeutic Tgem 
40 T PreSent 38 3 ' iqUid ' 8 fine| y divided so»d, or any 
the ma nx will rnclude one or more additives, such as 
bu no hmrted to, nontoxic auxiliary substances such as 
d uents earners, excipients, stabilizers or the like. Oth- 

« LTl a T' VeS may be f0rmu,ated with tbe poly- 
Znd 8 pharmac eutically active agent or com 

[0035] The amount of therapeutic agent will be de- 
pendent upon the particular drug employed and medical 

so Zlr? e K 9 trea,ed ' TypiCal1 * the amo ""t of drug 
represents about 0.001% to about 70%, more typically 

TooVf 0 ? t0 ab0Ut 50% ' most typicallyTbou 
rnnJI I 9 b ° Ut 2 ° % by Wei 9 ht of the matrix. 
0036] The quantity and type of alkyd polyester wax 
incorporated into the parenterai will vary dep'end gT 
the release profile desired and the amount of drug em- 
ployed The product may contain blends of polyesters 

1™uX~^^ 


4 


7 EP 1 270 024 A1 


[0037] The alkyd polyester wax, upon contact with 
body fluids including blood or the like, undergoes grad- 
ual degradation, mainly through hydrolysis, with con- 
comitant release of the dispersed drug for a sustained 
or extended period, as compared to the release from an 
isotonic saline solution. This can result in prolonged de- 
livery, e.g. over about 1 to about 2,000 hours, preferably 
about 2 to about 800 hours) of effective amounts, e.g. 
0.0001 mg/kg/hour to 10 mg/kg/hour) of the drug. This 
dosage form can be administered as is necessary de- 
pending on the subject being treated, the severity of the 
affliction, the judgment of the prescribing physician, and 
the like. 

[0038] Individual formulations of drugs and alkyd pol- 
yester wax may be tested in appropriate in vitro and in 
vivo models to achieve the desired drug release profiles. 
For example, a drug could be formulated with an alkyd 
polyester wax and orally administered to an animal. The 
drug release profile could then be monitored by appro- 
priate means, such as by taking blood samples at spe- 
cific times and assaying the samples for drug concen- 
tration. Following this or similar procedures, those 
skilled in the art will be able to formulate a variety of 
formulations. 

[0039] In addition to compositions comprising thera- 
peutic agents as set forth above, compositions accord- 
ing to the present invention also may comprise bioactive 
agents that are toxic to certain life forms, e.g. pesticides, 
insecticides, fungicides, herbicides and germicides, as 
well as fertilzers. In one embodiment of the invention, 
seeds may be coated with compositions comprising the 
polymeric waxes, with or without such bioactive agents 
present in the composition. 

[0040] In a further embodiment of the present inven- 
tion the polymeric waxes and blends thereof can be 
used in tissue engineering applications, e.g. as supports 
for cells. Appropriate tissue scaffolding structures are 
known in the art, such as the prosthetic articular carti- 
lage described in U.S. Pat. No. 5,306,311, the porous 
biodegradable scaffolding described in WO 94/25079, 
and the prevascularized implants described in WO 
93/08850 (all hereby incorporated by reference herein). 
Methods of seeding and/or culturing cells in tissue scaf- 
foldings are also known in the art such as those methods 
disclosed in EPO 422 209 B1, WO 88/03785, WO 
90/12604 and WO 95/33821 (all hereby incorporated by 
reference herein). 

[0041] The polymers of this invention can be melt 
processed by numerous methods to prepare a vast ar- 
ray of useful devices. These polymers can be injection 
or compression molded to make implantable medical 
and surgical devices, especially wound closure devices. 
The preferred wound closure devices are surgical clips, 
staples and sutures. 

[0042] Alternatively, the alkyd polyester waxes can be 
extruded to prepare filaments. The filaments thus pro- 
duced may be fabricated into sutures or ligatures, at- 
tached to surgical needles, packaged, and sterilized by 


8 

known techniques. The polymers of the present inven- 
tion may be spun as multifilament yarn and woven or 
knitted to form sponges or gauze, (or non-woven sheets 
may be prepared) or used in conjunction with other 

5 molded compressive structures as prosthetic devices 
within the body of a human or animal where it is desir- 
able that the structure have high tensile strength and 
desirable levels of compliance and/or ductility. Useful 
embodiments include tubes, including branched tubes, 

10 for artery, vein or intestinal repair, nerve splicing, tendon 
splicing, sheets for typing up and supporting damaged 
surface abrasions, particularly major abrasions, or are- 
as where the skin and underlying tissues are damaged 
or surgically removed. 

15 [0043] Additionally, the polymers can be molded to 
form films which, when sterilized, are useful as adhesion 
prevention barriers. Another alternative processing 
technique for the polymers of this invention includes sol- 
vent casting, particularly for those applications where a 

20 drug delivery matrix is desired. 

[0044] in more detail, the surgical and medical uses 
of the filaments, films, and molded articles of the present 
invention include, but are not limited to, knitted products, 
woven or non-woven, and molded products including, 

25 but not limited to bum dressings, hernia patches, mesh- 
es, medicated dressings, fascial substitutes, gauze, fab- 
ric, sheet, felt or sponge for liver hemostasis, gauze 
bandages, arterial graft or substitutes, bandages for 
skin surfaces, suture knot clip, orthopedic pins, clamps, 

30 screws, and plates, clips, e.g. for vena cava, staples, 
hooks, buttons, and snaps, bone substitutes, e.g. as 
mandible prosthesis, intrauterine devices, e.g. as sper- 
micidal devices, draining or testing tubes or capillaries, 
surgical instruments, vascular implants or supports, e. 

35 g. stents or grafts, or combinations thereof, vertebral 
discs, extracorporeal tubing for kidney and heart-lung 
machines, artificial skin, and supports for cells in tissue 
engineering applications. 

[0045] In another embodiment, the polymeric wax is 

40 used to coat a surface of a surgical article to enhance 
the lubricity of the coated surface. The polymer may be 
applied as a coating using conventional tedhniques. For 
example, the polymer may be solubilized in a dilute so- 
lution of a volatile organic solvent, such as acetone, 

45 methanol, ethyl acetate or toluene, and then the article 
can be immersed in the solution to coat its surface. Once 
the surface is coated, the surgical article can be re- 
moved from the solution where it can be dried at an el- 
evated temperature until the solvent and any residual 

so reactants are removed. 

[0046] Although it is contemplated that numerous sur- 
gical articles, including but not limited to endoscopic in- 
struments, can be coated with the polymeric waxes of 
this invention to improve the surface properties of the 

55 article, the preferred surgical articles are surgical su- 
tures and needles. The most preferred surgical article 
is a suture, most preferably attached to a needle. Pref- 
erably, the suture is a synthetic absorbable suture. 
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vmers T, T deriVed ' f ° r 6Xamp,e - from ^copol- 
ymers and copolymers of lactone monomers such as 

glyeolide, lactide, including L-.actide D-lactide maso 

, act.de and rac-lactide, Qcaprolactone, p-dioxanone, 

1.4-dioxanone, 1 ,4-dioxepan- 2 :one, 1,5-dioxepan 

-s a bra,ded multifilament suture composed of polyg V - 
cohdeorpolyfglycolide-co-lactide) Y9V 

ES2 an )° Unt ° f ° 0atin9 polymer to be applied 
on the surface of a braided suture can be readily deter 
mined empirically, and will depend on the particular co- 
polymer and suture chosen. Ideally, the amount o coa - 
mg copolymer applied to the surface of the suture may 
range rom about 0.5 to about 30 percent of the weTgh 
of the coated suture, more preferably from about 1 0 to 
f °" ^weightpercent. most preferably fromltoaboS 
5 weight percent. If the amount of coating on the suture 
were greater than about 30 weight percent, then ft may 

mcreasethenskthatthecoatingmayflakeoffwhenme 
suture is passed through tissue 

Sn 4 !! H SUtUr !f COatedwiththe P°'ymersofthisinven- 
hon are desirable because they have a more slippery 
feel, thus making it easier for the surgeon to slide a knot 
down the suture to the site of surgical trauma 
-or the suture is more pliable, and therefore is easier 
for the surgeon to manipulate during use These advan 

?ha a rth e f ibit f in C ° mpariSOn 10 SUtures w hich do 
invention * P °' ymer of «■* 

[0049] m another embodiment of the present inven- 
t-on when the article is a surgfcal needle, the am m of 

^«PP«edtomesurfac*ofthea rt ic l eisanamon 
wh.ch creates a layer with a thickness ranging prefera 
bly between about 2 to about 20 microns on the need te 
more preferab^ about 4 to about 8 microns T£ 
amount of coating on the needle were such tha he 
thickness of the coating layerwas greater than abo t 20 
m.crons or ,f the thickness was less than about 2 mi 

sT' T' deSir6d Perf0rn,ance of the needL aTft 
no^f , thr ° Ugh tiSSUe may not be Sieved. 
S ,ny ! tanotheremb o di ^nt,themedicaldevice 
comprises a bone replacement material comprising foe 
polymeric wax and an inorganic filler. The organic fi ler 
may be selected from alpha-tricalcium phosphate be a 
tr.ca.cium phosphate, calcium carbonate, barium car- 
bonate, calcium sulfate, barium sulfate, hydroxyapaSte 
and mixtures thereof, in certain embodiments^^ £ 
gan c f^ler comprises a polymorph of calcium phos- 
phate. Preferabfc the inorganic filler is hydroxyapatite 
The bo ne replacement materials may further comprise 
a therapeutic agent in a therapeutically effective 

r s r P s i ha9roMhfac,or ' tofaciirtate »ofbone 

tesue. Furthermore, the bone replacement material 
may comprise a biologically derived substance selected 
from the group consisting of demineralized bone, plate- 

l^T "? " b ° ne marr ° W aspirate and bone frag- 
Z^m T am ° UntS ° f po,ymeric wax ^d inor- 
ganic filler may be determined readily by one skilled in 


10 


!l?th b ^ 

[0051] The examples set forth below are for illustra- 
tion purposes only, and are not intended to limit the 

zi:t:it d invention in any way n ~ 

add.t.onal embodiments within the scope and spirit of 
ZEZf ^ readilyappa -to P ,hose 

10 S ' n thS eXamp,es be,ow ' the synthesized poly- 
nt^T XeS ^ Characterized ^a differential scan 
ning catonrnetry (DSC), gel permeation chromatogra- 
Priy (GPC), and nuclear magnetic resonance (NMR) 
spectroscopy. DSC measurements were performed on 

£L mente usin 9 aluminum sample pans and 

samp e weights of 5-10 mg. Samples were heated from 
Z amperatUre t0 100 ° c a » 10°C/minute; quenched 
to -40°C at 30°C/minute followed by heating to 100=c 

- ntSoT- FOrG ; C ' a Wate ^ystem wft'^l 
were used ST ?* * ™ ,ndex Dete «or 

to noK T Ul3r W6i9htS Were de ^dned relative 
on P S rene T dardsusin 9THFasthesoh,ent. Pro- 

ZZl S ° btained in deUterated ch| o~form on a 
^ 400MHz NMR spectrometer using Varian software. 

coT^ater h6SiS ° f POly(m0nOStearayl 9'yoerol- 

30 i°°f 31 8 w ° gms ( 223mm °tes)ofmonostearoylg|y C - 

tom t ask. A st.r bar was added and a nitrogen inlet 
adapter was attached. The reaction flask was placed J, 

wasZTdT^ 6 °! bath and 3 nitrogen gas b ' a " k * 

35 r . 5 f 6 fl9Sk Was heated to 1 40°C, and 4 46 
ST/* 8 mm ° ,eS) 0f succinic ^hydride was added 
The temperature was raised to 200»C and maintained 
the nil h th t ^ 3 bours the flask was removed from 
he oil bath to cool to room temperature. Once the solu 
hon crystalled, it was deglassed and Ceaned of a y 
IS. 9mentS - The P ° ,ymer was an a^ber colored 

of °4 5 6 Lc SC m H eaSUrements f ° u " d a melt temperature 
of 46.84 C, and a specific heat of 63.57J/gm. GP C 
measurement determined a number average molecular 

0 86 1 J ^ ? R Sh ° Wed the ,0llowin 9 P e aks 8 
(2H), 2.30 multiplet (2H), 2.65 multiplet (4H) 4 16 mul- 
so tiplet (2H), 4.34 muftipiet (2H), and 5.28 mutiple. ^2H) 

c«ate) ynth6SiS ° f P ° ,y(m0nOStearoyl ^yoerol- 


[0055] The same procedure as Example 1 was used 
except the reaction was maintained at 200X for 22 5 
hours. " 

i ^° measuremente fo und a melt temperature 
of 48.41-C, and a specific heat of 73.98J/gm. GPC 
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measurement determined a number average molecular 
weight of 2,546, and a weight average molecular weight 
of 43,002. The 1 H NMR showed the same peaks as 
shown in Example 1. 

Example 3: Synthesis of poly(monostearoyl glycerol- 
co-succinate) with 5% PEG 

[0057] 9.50 gm (26.49 mmoles) of monostearoyl-rac- 
glyc^rol and 247.5uL (1 .39 mmoles) of polyethylene gly- 
col (M w = 200) were added to a dry 50mL, single neck, 
round bottom flask. A stir bar was added and a nitrogen 
inlet adapter was attached. The fiask was placed in a 
room temperature oil bath and a nitrogen flow was start- 
ed. The temperature was raised to 140°C. Once at 
140°C, 2.79 gm (27.89 mmoles) of succinic anhydride 
was added and the temperature was raised to 200°C. 
The top of the reactor was wrapped with heat tape. The 
reaction was kept at 200°C for 21 hours. The reaction 
was removed from the oil bath and allowed to cool. Once 
the polymer crystallized, it was deglassed and cleaned 
of all glass pieces. The polymer was a light brown solid. 
[0058] DSC measurements found a glass transition 
temperature of -33.59°C, a melt temperature of 
50.42°C, and a specific heat of 85.1 8J/gm. GPC meas- 
urement determined a number average molecular 
weight of 2,397, and a weight average molecular weight 
of'36,197. The 1 H NMR showed the following peaks: 5 
0.86 triplet (3H); 1 .28 multiplet (28); 1 .61 multiplet (2H); 
2.32 multiplet (2H); 2.66 multiplet (4H); 4.14 multiplet 
(2H); 4.34 multiplet (2H); 5.27 multiplet (1H). 

Example 4: Synthesis of poly(monostearoyl glycerol- 
co-succinate) w/ 5% PEG 

[0059] The same procedure as Example 3 was fol- 
lowed, except the reaction was kept at 200°C for 3 
hours. 

[0060] DSC measurements found a glass transition 
temperature of 7.52°C, a melt temperature of 50.86°C, 
and a specific heat of 70.55J/gm. GPC measurement 
determined a number* average molecular weight of 
1 ,828, and a weight average molecular weight of 3,855. 
The 1 H NMR showed the same peaks as shown in Ex- 
ample 4. 

Example 5: Synthesis of poly (mo nostearoyl glycerol - 
co-adipate) 

[0061] 20.01 gm (56.0 mmoles) of monostearoyl glyc- 
erol, 8.19 g (56.0 mrtiole) adipic acid and 11 jiL of stan- 
nous octoate were added to a dry 100 mL, single neck, 
round bottom flask. A stirbar was added and a nitrogen 
inlet adapter was attached. The reaction flask was 
placed Into a room temperature oil bath and a nitrogen 
blanket was applied. The flask was heatedto 1 70°C and 
held at this temperature for 24 hours. The flask was re- 
moved from the oil bath and allowed to cool to room tem- 


perature. The polymer was a brown solid. It was isolated 
by breaking the glass and cleaning off any glass frag- 
ments with a brush. 

[0062] GPC measurement determined , a- number av- 
5 erage molecular weight of 2000, and a weight average 
molecular weight of 6000. The 1 H NMR showed the fol- 
lowing peaks: 8 0.86 triplet (3H), 1 .26 multiplet (28H), 
1.65 multiplet (6H), 2.35 multiplet (6H), 4.16 multiplet 
(2H), 4.34 multiplet (1H), 5.28 multiplet (2H). 

10 

Example 6: Synthesis of poly(monostearoyl glycerol- 
co-glutarate) 

[0063] 20.0 gm (56.0 mmoles) of monostearoyl glyc- 

*>5 erol, 7.40 gm (56 mmole) glutaric acid, and 1 1 \iL of stan- 
nous octoate were added to a dry 100 mL, single neck, 
round bottom flask. A stir bar was added and a nitrogen 
inlet adapter was attached. The reaction flask was 
placed in a room temperature oil bath and a constant a 

20 nitrogen gas blanket was applied. The reaction was 
heated to 170°C and held at this temperature for 24 
hours. The flask was removed from the oil bath and al- 
lowed to cool to room temperature. Once the solution 
crystallized, it was deglassed and cleaned of any glass 

25 fragments. The solid was dark brown. 

[0064] DSC measurements found a melt temperature 
of 52.41°C, and a specific heat of 76.14J/gm. GPC 
measurement determined a number average molecular 
weight of 2100, and a weight average molecular weight 

30 of 8800. The 1 H NMR showed the following peaks: 5 
0.86 triplet (3H), 1.26 multiplet (28H), 1.61 multiplet 
(4H), 1.95 multiplet (2H), 2.32 multiplet (2H), 2.45 mul- 
tiplet (4H), 4.16 multiplet (2H), 4.34 multiplet (1H), 5.28 
multiplet (2H). 

35 

Example 7: Sustained Release of Risperidone from 
Poly(monostearoyl glycerol-co-succinate) 
Microparticles in vitro. 

40 [0065] Poly(monostearoyl glycerol-co-succinate) pol- 
ymer was prepared as described in Example 2. 10 gms 
of the polymer was placed in a 50 mL beaker and heated 
to 1 1 0°C to melt the polymer. 3.34 gms of a drug in the 
form of a powder, Risperidone, sold by Janssen Phar- 
os maceutica Inc., Beerse, Belgium, under the tradename 
RISPERDAL, was dispersed and suspended into the 
polymer melt using a magnetic stirrer to form a 25% drug 
in polymer blend. A gradient heating mechanism was 
used to limit the exposure of the drug to the polymer 
so melt at elevated temperature to few seconds. 

[0066] The drug/polymer blend was converted to 
drug/polymer microparticles on a rotating disk appara- 
tus. The drug/polymer blend first was equilibrated to 
11 0°C and then fed at a controlled rate of 3.5 gms/sec 
55 to the center of a 4-inch rotary disk that was run at 8000 
RPM. The disk surface was heated using an induction 
heating mechanism to 130°C to ensure that the drug/ 
polymer blend was in a liquid state on the surface of the 
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disk The rotation of the disk caused a thin liquid film of 

face of the d.sk and droplets solidified upon contact with 

SSST" r ° tatin9 *" apparatUS Camber o I 
drug/polymer rmcroparticles. The processing was done 

at elevated temperatures. The solid micropartteles w^e 

icts mfd^ USin ° 3 CyC ' 0ne Separator - ™ a -Sopa" 
ofaZttor th ' SPr0CeSShada -an particles^ 

[0067] /„ wto release studies were performed with 
these m-croparticles in a buffer medium undeTpSy" 
tag.cal con dl t,on S . Approximately 20 mg of microti 

* '^'""^^"^^edtothetesttubesThe 
test tubes were placed in a constant temperature water 

Time point 5 mL of buffer was removed and filtered 
through a 0.2 Dn filter. The amount of drug re eased 

nstrument against risperidone standards 
[0068] m vitro release from the 25% drug in polymer 

80 /„ of the drug ,s released over a seven-day period 
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ance with the above Public Laws was accomplished by 
adhe ring to the Animal Welfare regulations (BCHM 
conforming to the current standards promulgated in the 

were formal h . ^ P ° lymer particles 
were formed as descnbed in Example 8. The micropar- 

[0073] The mean plasma concentration values as a 
function of time are shown in Figure 3. The^u" tev 

25% ZTn o e o d , 8t 1 ° n9/mL 7116 fi9Ure Sho " s 
25 /o drug ,n polymer microparticles did not give a drua 

'* bureta ndprovided30daysofsustainedrele^eaUhr 

appearedto g,ve asmall burstfollowed by over21 days 
of sustained release at therapeutic levels V 

20 Po X SL 10 ;' SUSt , ained Re,6aSe 0f Ris P erid °ne from 
Poly(monostearoy. glycerol-co-succinate) Films in vZo. 


plZl i D ,a ' ned Rel6ase of Risperidone 
Pamoate from Poly(monostearoyl glycerol-co- 
succmate) Microparticles in vitro. 

[0069] Poly(monostearoyl glycerol-co-succinate) pol- 
ymer was prepared as described in Example 2 Wo 
pnate amounts of polymer were melted aTdescrfbed in 
Example 7, and blended with amounts of a dmg Rfe 

25% and P 3 2 Tt' 88 d r b6d in EXamp ' e «' * <™ 
?* and 32 /o dnj 9 m polymer blends. 

[0070] The drug/polymer blend was converted to 

d, ^pofcmer mioopartic.es on a rotating disTappar 

us and ,n vnro release studies were performed 

these ^m.cropartic.es in a buffer medium at phyllogba 

onRotfnS " P °* mer micr °P*™es is shown 

o 60 and Is-/ o, Sh ° WS a " appr ° Ximate releas * 
25°/ „ ™ 5 the dmg over a seven-day period for 
JU and 32% drug in polymer microparticles" respec 

Example 9: Sustained Release of Risperidone 
Pamoate from Poly(monostearoyl glycerol-co- 
succinate) Microparticles in vivo. 

[0071] A single dose intramuscular pharmacokinetic 
study was performed in Beagle dogs using Rispe Se 
Pamoate from poly(monostearoyl glycerol-co-sucS 

ItlZZ™?- anima ' S « in ^is s Sy 
we e handled and maintained in accordance with cur 
rent requrrements of the Animal Welfare Ac,. Comp,!- 


[0074] Polyfmonostearoyl glycerol-co-succinate) pol- 
* o y nhZf PreParedaS deSCnb6d in ^P'eS.tgml 
e o ffcTK- ' 3 50 mL beak ". a " d heS 

rtnn! J ° ' th6 polymer 4 25 9"is of Risperi- 
done d ru g the form Qf a pQwder 8 d SP«" 

suspended into the polymer melt using a magnefic sir 

thf h? / k WerS Prepared b * melt compression of 
he dmg/polymerblend using a Carver .aboratoZess 

orPTFE wtni ° 03 ; sh6e,of P 0, y(^afluoroethylene) 
or PTFE, was placed on the bottom platen of the press 

the PTFE sheet. 250 Cm metal shims were placed 
around the blend to control the thickness of the po^ 
blend film. The polymer blend and shims were coTed 
with another 4" X 4" X 0.03" sheet of PTFF thI 7, 

was in the range of 1000 - 2000 psi and the hold time 
was 5 mrnutes. After 5 minutes, the system was cold 

Shen cu,l 0 t mPreSSi0n m0 ' ded P0,ymer b,end *» 
!S X 250 pT lmenS ° f -PP"*™** 1 ™ X 
20 ™ fifm 6986 StUdies were P erfo ™ed with 

20 mg Mm specimens in a buffer medium at physioloq 

- S c d rr a r describedin Examp,e7 ' «i 

30 /o drug ,n polymer films is shown on Figure 4 The 
Jgure shows an approximate release of 40% o me dl 
over a four-week period for 30% drug in 

55 rf 1 1 : Sustained Release of Risperidone from 

- P^nostearoy, 9lycerol-co-succinate) Cyli^Tn 

[0077] Poly(monostearoyl glycerol-co-succinate) pol- 
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ymer was prepared as described in Example 2. 8.0 gms 
of the polymer was placed in a 50 mL beaker, and heat- 
ed to 110°C to melt the polymer. 2 gms of Risperidone 
drug in the form of a powder was dispersed and sus- 
pended into the polymer melt using a magnetic stirrer 
under a nitrogen blanket to form a 20% drug in polymer 
blend. 

[0078] The molten polymer/drug mixture was aspirat- 
ed into capillary tubes with an inner diameter of 1 mm, 
and allowed to solidify at room temperature. The capil- 
lary tube was then quenched in liquid nitrogen for 1 to 
2 minutes. Following quenching, the solidified cylinder 
was pushed out of the capillary tube using a metal rod. 
The cylinder was kept under vacuum for 48 hrs to re- 
move any residual moisture and then cut into cylindrical 
specimens with dimensions of approximately 1 mm di- 
ameter by 1 -cm length for drug release studies. 
[0079] Release studies were performed with these 20 
mg cylindrical specimens in a buffer medium at physio- 
logical conditions as described in Example 7. Release 
from 20% drug in polymer cylinders is shown on Figure 
5. The figure shows an approximate release of 40% of 
the drug over a four-week period for 20% drug in poly- 
mer cylinders. 

Example 12: Sustained Release of Albumin from Poly 
(monostearoyl glycerol-co-succinate) in vitro 

[0080] Poly(monostearoyl glycerol-co-succinate) pol- 
ymer was prepared as described in Example 1 . 0.5 gms 
of the polymer was placed in a 5 mL vial and heated to 
50°C in an oil bath to melt the polymer. Separately, 0.05 
gms of Bovine serum albumin (BSA), obtained from Sig- 
ma, St. Louis, MO, was dissolved in 1 mL of deionized 
water to obtain a BSA solution. The melted mtcrodisper- 
sion was removed from the oil bath, and 50 □ L of the 
BSA solution was added to the melted microdispersion. 
The BSA solution/microdispersion melt mixture was 
stirred thoroughly by hand with a spatula until the mix- 
ture solidified. 3 mL of phosphate buffered saline (PBS) 
was added to the vial which was then transferred to a 
water bath maintained at 37°C. 
[0081] At each time point, the PBS was removed com- 
pletely and filtered through a 0.2 u.m filter. The absorb- 
ance of the sample at 280 nm was measured on an 
HP8453 UV spectrophotometer against albumin stand- 
ards. 

[0082] Release from the BSA/polymer specimens is 
shown on Figure 6. The figure shows release of approx- 
imately 80% of the BSA over a four-week period. 

Claims 

1. A medical device, comprising: a synthetic, bioab- 
sorbable, biocompatible polymeric wax comprising 
the reaction product of a polybasic acid or derivative 
thereof, a fatty acid; and a polyol, said polymeric 


wax having a melting point less than about 70°C, 
as determined by differential scanning calorimetry. 

2. The medical device of claim 1 further comprising an 
5 aliphatic polyester prepared from glycolide, L-lac- 

tide,.D-lactide, meso-lactide, rac-lactide, e-caprol- 
actone, trimethylene carbonate, p-dioxanone, 
1 ,4-dioxanone, 1 ,4-dioxepan-2-one, 1 ,5-dioxepan- 
2-one monomers or substituted derivatives thereof. 

10 

3. The medical device of claim 1 comprising a coating 
of said polymeric wax. 

4. The medical device of claim 1 comprising a bone 
15 replacement material comprising said polymeric 

wax and an inorganic filler. 

5. The medical device of claim 4 wherein said inorgan- 
ic filler is alpha-tricalcium phosphate, beta-tricalci- 

20 urn phosphate, calcium carbonate, barium carbon- 
ate, calcium sulfate, barium sulfate or hydroxy apa- 
tite. 

6. The medical device of claim 1 or claim 4 further 
25 comprising an effective amount of a bioactive agent. 

7. The medical device of claim 6 when dependent on 
claim 4 wherein said bioactive agent is a growth fac- 
tor. 

30 

8. The medical device of claim 1 which is a suture, 
stent, vascular graft, stent-graft combination, mesh, 
tissue engineering scaffold, pin, clip, staple, film, 
sheet, foam, anchor, screw or plate. 

35 

9. A composition, comprising: an effective amount of 
a bioactive agent, and a wax comprising the reac- 
tion product of a polybasic acid or derivative thereof, 
a fatty acid and a polyol, said wax having a melting 

40 point less than about 70°C, as determined by differ- 
ential scanning calorimetry. 

10. The medical device of claim 1 or the composition of 
claim 9 wherein said polymeric wax comprises the 

45 reaction product of said polybasic acid or derivative 
thereof and a monoglyceride, said monoglyceride 
comprising the reaction product of said fatty acid 
and said polyol. 

50 11. The medical device or composition of claim 10 
wherein said polybasic acid or derivative thereof is 
succinic acid, succinic.anhydride, malic acid, tartar- 
ic acid, citric acid, diglycolic acid, diglycolic anhy- 
dride, glutaric acid, glutaric anhydride, adipic acid, 
55 pimelic acid, suberic acid, sebacic acid, fumaric ac- 
id, maleic acid, maleic anhydride, a mixed anhy- 
dride, an ester, an activated ester or an acid haiide. 


35 
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12. The medical device or composition of claim 10 
wherein said monoglyceride is monostearoyl glyc- 
erol, monopalmitoyl glycerol, monomyrisitoyl glyc- 
erol, monocaproyl glycerol, monodecanoyl glycer- 
ol, monolauroyl glycerol, monolinoleoyl glycerol or s 
monooleoyl glycerol. 

13. The medical device of claim 1 orthe composition of 
claim 9 wherein said polymeric wax is branched. 

14. The medical device of claim 1 or the composition of 
claim 9 wherein said polymeric wax comprises a co- 
polymer. 

15. The medical device of claim 6 orthe composition of « 
claim 9 wherein said bioactive agent is an antiinfec- 
tive, analgesic, anorexic, antihelmintic, antiarthritic 
antiasthmatic, anticonvulsant, antidepressant anti- 
diuretic, antidiarrheal, antihistamine, antiinflamma- 
tory agent, antimigraine preparation, antinauseant » 
antineoplastic, antiparkinsonism drug, antipruritic' 
antipsychotic, antipyretic, antispasmodic anti- 
cholinergic, sympathomimetic, xanthine derivative 
calcium channel blocker, beta-blocker, antiarrhyth- 
mic, antihypertensive, diuretic, vasodilator, central 25 
nervous system stimulant, decongestant, hormone 
steroid, hypnotic, immunosuppressive, muscle re- 
axant, parasympatholytic, psychostimulant, seda- 

, tive, tranquilizer, naturally derived or genetically en- 
gineered protein, polysaccharide, glycoprotein, li- 30 
poprotein, oligonucleotide, antibody, antigen 
cholinergic, chemotherapeutic, hemostatic, clot dis- 
solving agent, radioactive agent or cytostatic. 

16. The composition of claim 9 wherein said bioactive 35 
agent is a pesticide, insecticide, fungicide, germi- 
cide or fertilizer. 

17. The composition of claim 9 further comprising an 
aliphatic polyester prepared from the group of mon- 40 
omers consisting of glycolide, L-lactide, D-lactide 
meso-lactide, rac-lactide, e-caprolactone, trimethyl- 
ene carbonate, p-dioxanone, 1 ,4-dioxanone, 
1,4-d,oxepan-2-one, 1 ,5-dioxepan-2-one and sub- 
stituted derivatives thereof. 4S 

18. A seed comprising a coating of a synthetic, bioab- 
sorbable, biocompatible polymeric wax comprising 
the reaction product of a polybasic acid or derivative 
thereof, a fatty acid, and a polyol, said polymeric so 
wax having a melting point less than about 70'C 
as determined by differential scanning calorimetry.' 

19. The seed of claim 18 wherein said polymeric wax 
further comprises an effective amount of a pesti- ss 
cide, insecticide, fungicide, germicide or fertilizer. 
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Figure 1, Sustained Release of Risperidone from MGSA microparticles 

in vitro 


11 


EP 1 270 024 A1 


-25* bating 


0 

s 

1 


6 


Time (days) 


12 


EP 1 270 024 A1 



Post dosing time (days) 


Figure 3. Sustained Release of Risperidone Pamoate from MGSA 
micro par tides in viva 
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Figure 4. Sustained Release of Risperidone from MGSA films in vitro 
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Figure 5. Sustained Release of Risperidone from MGSA cylinders in 

vitro 
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Figure 6. Sustained Release of Albumin from MGSA wax in vitro 
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